Thirty-one strains of Pseudomonas aeruginosa, isolated from water springs, clinical isolates (some of which were from cystic fibrosis (CF) patients), and two type cultures, were characterized by ribotyping. After restriction of chromosomal DNA of the different isolates with EcoRI and hybridization of Southern transfer blots with ?-acetylaminofluorene labelled Escherichic~ coli 16s + 23s rRNA probe, eleven different ribopatterns were obtained, representing variations of a dominant profile. This largely predominant pattern included both type cultures, all six isolates from water springs, 33% of the nine CF isolates and 43% of fourteen other clinical isolates most of them from nosocomial infections. When the genomic macrorestriction fingerprints of three mucoid CF isolates. with AseI. DruI or BfrI were compared with those of their spontaneous variants. concerning mucoidy, no differences were detected.
Introduction
Pseudomonas aeruginosa. with a widespread distribution in nature, high physiological adaptability and innate resistance to many antimicrobial agents, has emerged as an important pathogen responsible for a wide variety of nosocomial infections, particularly among immunocompromised patients [I,?] . Strains of P. aeruginosa isolated from cystic fibrosis (1) 848 0072: E-mail: qisc@beta.ist.utl.pt (CF) patients often differ from environmental or other clinical isolates due to their mucoid phenotype, which derives from the production of copious amounts of the exopolysaccharide alginate [I] . The predominance of mucoid strains in infections of CF patients has not been fully explained but they chronically colonize the lungs and this is the major factor of pulmonary deterioration and reduced life expectation [I] . Recent evidence suggests that the mucoid forms may evolve from initial non-mucoid colonizing strains in the CF respiratory tract as a consequence of nutritional limitation [3] . Cultivation in the laboratory of CF mucoid strains give rise, sponta-neously and at a high frequency, to non-mucoid revertants [l-6] .
Although at a lower frequency, high-alginate-producing variants also emerge spontaneously by the cultivation of low-alginate-producing strains [7] . The regulation of alginate biosynthesis in P. aeruginosa is complex involving a hierarchy of several genes [4- 61 that regulate the transcription of three structural genes algA, al& and a&D that encode the four enzyme activities necessary for the formation of GDP-mannuronic acid, the activated precursor for alginate polymerization.
Under nonstressing conditions, the level of alginate produced by mucoid variants was associated with the activity of these four enzymes [8-101 and the pattern of variation of the enzymes activity during batch growth correlated with the coordinate transcriptional regulation of the encoding genes [ 101.
As opposed to the traditional methods developed for typing P. aeruginosa for epidemiological purposes, molecular typing methods do not rely on the expression of particular properties in a specific environment [1 11. The characterization of rDNA gene restriction fragment polymorphism by using the 16s + 23s rRNA from Escherichiu coli as an universal probe (ribotyping) has proved to be useful for the identification of strains of eubacteria at the specific, subspecific and infrasubspecific levels [ 121. The usefulness of P. aeruginosa ribotyping as a tool for epidemiological studies was recently evaluated [ 131. The pattern of genomic macrorestriction digests separated by pulsed field gel electrophoresis (PFGE) was successfully used for the study of the epidemiology of nosocomial outbreaks to distinguish for example clones of P. aeruginosa [ 141 and Legionella [ 151. The PFGE restriction fragment length polymorphisms (RFLPs) appear to have a high discriminatory power for distinguishing strains and are useful for subdividing ribotypes [15] . Using PFGE analysis it was also possible to observe large DNA alterations in a limited genomic region of Streptomyces ambofuciens that exhibits a high degree of genome plasticity [16] .
In the present work P. aeruginosa isolates from CF patients and from non-CF patients, most of them with nosocomial infections, and from water springs were compared by ribotyping. The macrorestriction fingerprints with AseI, BfrI and DruI, of the genomes of three epidemiologically unrelated mucoid CF isolates were also compared with those of the respective non-mucoid variants and of a highly mucoid variant, obtained spontaneously by cultivation in the laboratory during this work or by Alves et al. [7] . With this genome fingerprinting we attempted to assess the extent of genetic modifications underlying the variation of the mucoid phenotype in P. aeruginosa.
Materials and methods

Pseudomonas aeruginosa strains and culture conditions
A total of 3.5 strains of P. aeruginosa were analysed (Table 1 ). The collection comprised of nine strains isolated from CF sputum (eight from children receiving treatment at the Santa Maria Hospital (SMH, Lisbon, Portugal) and one mucoid strain isolated from a CF patient in the USA [ 171) and 14 other clinical isolates, most of them from nosocomial infections, obtained at the S. Franscisco Xavier Hospital (SFXH, Lisbon, Portugal), six strains isolated from water springs at the Department of Biochemistry of the University of Coimbra (DBUC, Coimbra, Portugal) and two type strains. Most of the clinical isolates were presumed to be epidemiologically unrelated. Most of the isolates from nosocomial infections were isolated in different dates from patients in distinct wards. All the CF isolates from Santa Maria Hospital were isolated on different dates and from different patients, most of them during the CF external consultation. A high-mucoid variant and a nonmucoid variant, spontaneously derived from the mucoid CF strain isolated in the USA [7] and two non-mucoid revertants spontaneously derived from the mucoid strains, isolated at the SMH from CF patients, by subculturing on PIA (Pseudomonas Isolation Agar, Difco, Detroit, MI) plates, were also used.
P. aeruginosa strains were streaked on PIA plates.
Liquid cultures were prepared by the inoculation of LB (Sigma, St. Louis, MO) medium with colonies grown on PIA plates for 24 h at 37°C and exhibiting a characteristic phenotype concerning mucoidy. Liquid cultures were grown overnight, at 30°C with orbital agitation (200 rpm). 
Ribo&ping
Isolation of total DNA, restriction with EcoRI (Gibco BRL Life Technologies, Gaithersburg, MD), DNA blotting and hybridization with the acetylaminofluorene-labelled 16s + 23s rRNA probe from E. coli (Eurogentec, Seraing, Belgium) were performed by standard procedures [ 181 and as described by Grimont et al. 1121 . Hybridization bands on the membrane were revealed by using the non-radioactive detection system of Eurogentec.
The size of hybridization restriction fragments was estimated using the reference marker Raoul I (Eurogentec) and the Gel Documentation System SW2000 (UVP International).
Chrmnosomal analysis by PFGE
Genomic DNA was prepared based on the procedure described by Schoonmaker et al.
[ 151 using approximately 5 X lo9 cells (from an overnight culture of each strain under analysis) per ml of agarose (0.5% w/v) plugs. Digestions with rare-cutting endonucleases AseI, BfrI or DruI (New England Biolabs, Beverly, MA), were carried out by using 20 U of enzyme per one third of a plug according to the enzymes manufacturer instructions. The plugs were then loaded onto 1% (w/v) agarose gel prepared with the running buffer 0.5 X TBE buffer (45 mM Tris . HCI, 45 mM boric acid, 1 mM EDTA, pH 8.0). The macrorestriction fragments generated were separated by PFGE using the Gene Navigator (Pharmacia, Uppsala, Sweden) apparatus and appropriate conditions (200 V for 24 h with pulse times in the interpolation mode ranging from 5 to 25 s ( AseI and DraII or I50 V for 22 h with pulse times in the interpolation mode ranging from 5 to 20 s (EfrIII. Bacteriophage lambda concatamers (New England Biolabs) were used as size standards. Following electrophoresis, gels were stained with ethidium bromide and photographed under UV illumination.
Results and discussion
rRNA restriction patterns
Using the E. co/i 16s + 23s rRNA probe, 11 different patterns. representing variations of the dominant profile 1, were obtained from the 3 I strains tested (Fig. I) . The largely predominant pattern included the two type cultures used as controls and all the six isolates from water springs in the north of Portugal. Among the 14 isolates from S. Francisco Xavier Hospital and the eight CF isolates analysed, only 43% and 33% of the strains exhibited the major profile respectively. The isolates with this same profile were from different geographic areas (from Lisbon, northern Portugal, or from the USA) and sources (CF patients or other patients with various infections and from water springs). This is consistent with the ubiquity of the species P. aeruginosa since an epidemiological link between isolates from different geographical areas, sources and date of isolation can be excluded. One of the 4-6 hybridizing fragments detected, with an estimated size of 7.4 kb, was observed for all the strains analysed ( Fig. I> . Three other hybridization bands (14.5, 11.7 and 9.9 kb) were found for most of the strains (Fig. I ). Among these three bands, the higher variability was observed for the 9.9 kb band (Fig. 11 . Additional bands and/or the lack of one of the three highly conserved hybridizing fragments allowed the distinction of the various RFLP patterns. The higher level of polymorphism, detected among strains isolated from CF patients or other infected patients, submitted to antibiotic therapy, as compared with those isolated from water springs could be real or simply fortuitous. In fact, only a small number of strains (six) isolated from a restrict aquatic environment were analysed.
Genome fingerprinting of spontaneous variants concerning mucoidy
Of the eight CF strains isolated from children at the Santa Maria Hospital (Lisbon) two were of the Pattern mucoid phenotype.
The non-mucoid strains were isolated from patients in the early stages of infection while the mucoid isolates were isolated upon progression of the disease. The presence of mucoid strains is considered an indicator of a poor prognosis. We have compared the genome fingerprintings of the two unrelated CF mucoid isolates from Santa Maria Hospital (IST23 and IST27) and of a mucoid CF strain (8821) isolated in the USA. They were obtained by digestion of total DNA with the rare-cutting restriction enzyme BfrI and subsequent separation of macrorestriction fragments by pulsed-field electrophoresis and the patterns were different although exhibiting some bands in common (Fig. 2) . These distinct fingerprints were expected since the three mucoid strains exhibited different ribopattems ( Fig. 1 ) and genotyping by restriction enzyme analysis by PFGE is even adequate for sub-dividing ribotypes [l 11. DNA restriction with the enzymes AseI or DraI gave, for the same strain, distinct patterns that were different from the BfrI pattern (results not shown). The fingerprints obtained with either AseI or DrcrI were also distinct for the different mucoid strains compared (results not shown).
As frequently referred, non-mucoid colonies of the mucoid isolates IST23 and IST27 arose spontaneously by cultivation in the laboratory on PIA plates and the respective non-mucoid variants IST23N and IST27N were isolated. Genotyping with AseI, BfrI or DruI gave rise to identical fingerprints when the three pairs of mucoid and the respective non-mucoid variants (882 l-882 IN; IST23-IST23N:  IST27-IST27N) were compared ( Fig. 2 and results not shown). Additionally, the highly mucoid strain 882 1 M. spontaneously derived during cultivation in the laboratory of mucoid strain 8821 [7] also exhibited the parent electrophoretic patterns with the three restriction enzymes used ( Fig. 2 and results not  shown) . Therefore. genome fingerprinting using Asel. QfrI and DrclI and separation of macrorestriction fragments by PFGE was not adequate to monitor genomic modifications underlying the variation of mucoid phenotype. Probably even using other enzymes and strains this technique cannot distinguish mucoid from the respective non-mucoid variants. In fact, the genes that are at the top of the hierarchy of regulation of expression of the alginate genes are located in a small and limited DNA region of around 2 kb. near the 68 min chromosomal region [4, 6] . The genes clustered in this region and required for spontaneous alginate interconversion Alg 'c* Alg-are the regulatory genes algU (algT), mucA (alg5') and mucB (algN) . The mucA (ulgS) and mucB (ulgN) genes appear to have a negative effect on alginate biosynthesis since mutations in these genes result in the conversion of non-mucoid to mucoid variants [4, 6] . On the other hand, the AlgU (AlgTl protein is required for expression of ulgB and ulgR1 (ulgR), two other regulatory genes whose products, together with the AlgU protein, are necessary for (at least) the transcription of ulgD gene and therefore for alginate production [4-61. 
